Introduction {#sec1}
============

Over the past few decades, cardiac papillary fibroelastoma (CPF) has shifted from being a tumor diagnosed mainly at autopsy to being one diagnosed with current imaging modalities, resulting in curative surgical potential.[@bib1] Although CPFs are the most common benign valvular tumors, they account for \<10% of all primary cardiac tumors, whose greater incidence, on the basis of autopsy findings, is a mere 2:10,000.[@bib2] Traditionally, CPFs were thought to be less common than myxomas, but a recent surgical series found otherwise, indicating that overall, CPFs are possibly the most common type of primary cardiac tumor.[@bib3] Nonvalvular and multifocal CPFs remain exceedingly rare.[@bib4]^,^[@bib5] Patients with CPFs have a mean age of 60 years at diagnosis, without a predominant gender, but CPFs can occur at any age.[@bib6]^,^[@bib7] Histologically, they resemble avascular frondlike structures that are composed of fibroelastic tissue surrounded by endocardium. Grossly, they resemble a sea anemone, with a distinctive echocardiographic appearance. Clinically, CPFs are important because of their high embolic potential.[@bib3] CPFs are thought to be acquired rather than inherited, with possible contributing factors including trauma, organized thrombi, epithelial hyperproliferation from hemodynamic damage to the endothelium, and underlying genetic predisposition.[@bib6]^,^[@bib8]

Nowadays, diagnosis of CPFs is increasing as a result of the widespread use of imaging. However, CPFs in rare locations, with associated atypical features and symptoms, may provide diagnostic difficulty, even when advanced multimodal imaging techniques are used. This situation results in the definitive diagnosis being made only after surgery. Precisely such a case is presented in this report.

Case Presentation {#sec2}
=================

A 74-year-old man was seen by his outpatient cardiologist concerning recent onset of dyspnea upon exertion. Three months prior, he had been able to run 5 miles three or four times per week without difficulty. At the time of his initial assessment, he was barely able to run 1 mile. Although the physical examination was unremarkable, resting electrocardiography revealed mild sinus bradycardia with left ventricular hypertrophy and inferolateral T-wave inversions. In office, transthoracic echocardiography (TTE) revealed a normal left ventricular ejection fraction, normal left ventricular wall motion, and an echodensity just posterior to the mitral valve within the left ventricle. The patient subsequently underwent exercise stress echocardiography, the exercise portion of which produced abnormal findings with additional 2- to 2.5-mm horizontal to down-sloping ST-segment depression in leads V~5~ and V~6~ and global hypokinesis with associated pallor and true dyspnea (reproduced outpatient symptom). He was therefore referred for diagnostic left heart catheterization. Left heart catheterization showed a distal 60% lesion in the left anterior descending coronary artery and nonobstructive right coronary artery and left circumflex disease. When fractional flow reserve was performed on the left anterior descending coronary artery lesion, however, it was found to be negative at 0.96. To better characterize the echodensity observed on initial TTE, cardiac magnetic resonance imaging (MRI) was performed ([Figure 1](#fig1){ref-type="fig"}). The scan showed an 11-mm ovoid structure in the region of the posterior annulus of the mitral valve. Given its location, the structure was thought to most likely be a mitral annular calcification. The lesion did not display early contrast enhancement on perfusion imaging, but it did display avid late gadolinium enhancement, prompting the inclusion of other differential diagnoses such as cardiac myxoma, despite the rare location, and papillary fibroelastoma.Figure 1Sagittal nonenhanced double inversion fast spin-echo cardiac MRI sequence demonstrated a hyperintense mass arising from the left ventricular free wall just below the posterior mitral valve **(A)**. Perfusion enhancement imaging obtained 2 min after administration of intravenous (IV) gadolinium (not shown) demonstrated no early enhancement within the mass. Sagittal inversion recovery late gadolinium imaging obtained 20 min after IV gadolinium demonstrated avid enhancement of the mass adjacent to the nulled left ventricular free wall myocardium **(B)**. *Arrows* denote the location of the CPF.

Calcification is known to have a variable signal on MRI and is better confirmed with computed tomography (CT), which was subsequently recommended. Contrast-enhanced cardiac CT ([Figure 2](#fig2){ref-type="fig"}) later confirmed the presence of a heterogeneous low-attenuation mass within the left ventricle, compatible with a myxoma or other fibrous mass given the low attenuation but not diagnostic of one, leaving other cardiac tumors in the differential diagnosis. Finally, transesophageal echocardiography (TEE; [Figure 3](#fig3){ref-type="fig"}, [Video 1](#mmc1){ref-type="supplementary-material"}) was conducted, which again showed a mobile echodensity attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet and measuring 1.8 cm in the largest dimension. The appearance was again most consistent with a myxoma, although in an unusual location for such a tumor. A thrombus or nonmyxoma tumor could not be excluded upon completion of noncontrast TEE.Figure 2Nongated contrast-enhanced CT reconstructed in three-chamber **(A)**, long-axis **(B)**, and short-axis **(C)** planes demonstrating a mass abutting the left ventricular free wall just inferior to the posterior mitral valve annulus, which is hypodense to surrounding enhanced blood and isodense to the adjacent papillary muscle and normal myocardium. *Arrows* denote the location of the CPF.Figure 3TEE revealed a mobile echodensity seen attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet and measuring 1.8 cm in the largest dimension. See [Videos 1](#mmc1){ref-type="supplementary-material"} to [Video 2](#mmc2){ref-type="supplementary-material"}, [Video 3](#mmc3){ref-type="supplementary-material"}, [Video 4](#mmc4){ref-type="supplementary-material"}.

The patient was referred to cardiothoracic surgery and subsequently underwent surgical resection. The diagnosis was established when a 1.5-cm papillary fibroelastoma was discovered in the left ventricle ([Figure 4](#fig4){ref-type="fig"}) just beyond the posterior leaflet of the mitral valve and confirmed histologically ([Figure 5](#fig5){ref-type="fig"}). Six months after excision of the cardiac tumor, the patient reported resolution of the initial presenting symptoms. When he underwent stress echocardiography during preoperative testing before screening colonoscopy, the test revealed improved 0.5- to 1.0-mm horizontal and up-sloping ST-segment depressions in leads V~5~ and V~6~, with no wall motion abnormalities and a normal left ventricular ejection fraction after 12 min of exercise per the Bruce protocol.Figure 4Intraoperative photo depicting a "sea anemone"--like fibroelastoma within the left ventricle. *Arrow* denotes the location of the CPF.Figure 5Histologic images **(A--D)** depicting avascular papillary fronds consisting of collagen lined by endothelial cells, consistent with CPF. The gross specimen (not shown) was reported as a white gelatinous mass measuring 1.5 × 1.2 × 0.8 cm.

Discussion {#sec3}
==========

CPFs are for the most part asymptomatic and are usually found incidentally during echocardiography, cardiac surgery, or autopsies.[@bib1] The most dreaded complication is systemic embolization, resulting in stroke.[@bib1] Although the mechanism of embolism remains poorly understood, it is possibly related to tumor fragments or thrombi attached to the tumor.[@bib9] Because of their fragile composition, segments of the tumor may dislodge, and additionally, the mucopolysaccharide- and hyaluronic acid--rich frond surface may harbor thrombi that may embolize.[@bib10] The risk for cerebrovascular accident (CVA) has been reported as approximately 6% at 1 year and 13% at 5 years.[@bib3] Other life-threatening cardiac and neurological manifestations---including angina, syncope, blindness, myocardial infarction, sudden death, and heart failure---have been reported.[@bib11]

Dyspnea is not a typical symptom of CPF.[@bib12] It is likely even more uncommon when valvular structures and blood flow are not obviously impeded. Two cases of previously described patients with CPFs featuring symptoms of dyspnea involved valvular structures with resultant pulmonary embolism, in the first instance, and extremely rare obstruction of the right coronary ostium, in the second instance.[@bib12]

In our case, the CPF did not appear to involve the mitral valve or impede ventricular filling, but dyspnea was nevertheless reported and presumed to play a role, given the resolution of symptoms after resection. Resection furthermore resulted in improved findings on follow-up stress echocardiography. These abnormalities are therefore less likely to be the result of untreated fractional flow reserve--insignificant left anterior descending coronary artery stenosis.

Multimodality imaging plays a key role in the assessment of cardiac masses in general and CPFs in particular. The diagnosis, and the accompanying differential diagnosis, is based on location, attachment, size, borders, mobility, enhancement, vascularity, and metabolism, among other factors.[@bib4] In our case, initial TTE showed an abnormality but was unable to characterize the mass in any detail. Both cardiac CT and MRI allowed further detailing; however, TEE was notably superior in this regard. Despite the various cardiac imaging modalities used, the final diagnosis remained unknown until surgical resection was performed, because of the rare location and appearance of the tumor.

The sensitivity of TTE has been reported as 61.9% in cases with ≤20-mm tumor dimension. Higher sensitivity is reached with TEE, including for smaller CPFs.[@bib6] For a more comprehensive and accurate assessment before surgery that defines localization as well as relationships with adjacent structures, a transesophageal approach should always follow the transthoracic one.[@bib1] This highlights the overall superiority of TEE for examining small, mobile echodensities. Recently, three-dimensional TTE has also been successfully used in CPF diagnosis.[@bib13] When lesions appear to be unusual, the three primary cardiac imaging modalities (i.e., echocardiography, CT, and MRI) can be used together in a complementary manner for better characterization. Cardiac MRI can be useful in ascertaining signal characteristics but it can have difficulty in identifying points of attachment, which can be better assessed with electrocardiographically gated CT and TEE.[@bib14]

In a meta-analysis of 725 CPF cases conducted in 2003, the authors postulated that tumor mobility was the only independent predictor of CPF-related death or nonfatal embolization.[@bib1] However, a later study found that the echocardiographic characteristics of CPFs were not significantly associated with CVA.[@bib3] A third series could again not identify any imaging characteristics differentiating between the eight patients who presented with stroke and the 18 patients who were asymptomatic, except that the former were significantly younger (42 ± 17 vs 54.3 ± 18.4 years for the overall population).[@bib9]

Once a CPF diagnosis is suspected, surgical excision is indicated for patients with relevant tumor-related symptoms, but it should also be considered in asymptomatic patients, particularly if they are young, and especially when large mobile tumors (\>1 cm) are detected.[@bib1]^,^[@bib9]^,^[@bib15] Structural damage to the valves or broad-based adhesion of the tumor to leaflets may require valve repair or, in some cases, replacement. If possible, excision without repair or replacement should be pursued.[@bib12] Evidence suggests that the risk for CVA is greater in patients with echocardiography-identified but unoperated CPFs than in an age- and gender-matched population, and that excision substantially decreases CVA risk and even mortality from CPF.[@bib3]

After resection, stroke recurrence rates are low, and survival rates are excellent.[@bib3]^,^[@bib16]^,^[@bib17] Although rare, CPF recurrence has been reported, which underscores the importance of follow-up with TTE.[@bib18] There is no consensus on appropriate anticoagulation management after resection; however, if surgery is not an option, anticoagulation is warranted for all patients with CPFs regardless of prior embolization in those whom anticoagulation is not contraindicated.[@bib10]

Conclusion {#sec4}
==========

This case highlights the difficulties and inaccuracies involved in the interpretation of diagnostic imaging to adequately define certain cardiac malignancies, such as CPFs. In our case, we can further deduce that the patient\'s exertional dyspnea and abnormal stress test findings, which notably improved with complete resection, were likely related to his CPF.

Supplementary Data {#appsec1}
==================

Video 1TEE shown in midesophageal four-chamber view revealing a mobile echodensity seen attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet.Video 2TEE shown in midesophageal long-axis view revealing a mobile echodensity seen attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet.Video 3TEE shown in transgastric two-chamber view revealing a mobile echodensity seen attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet.Video 4TEE shown in transgastric basal short-axis view revealing a mobile echodensity seen attached to the left ventricular myocardium, located immediately apical to the posterior mitral valve leaflet.
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